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1 The Energy Calibration of the Energy Spec-
trometer

The energy spectrometer line is shown in Fig.1 {1}, The magnetic field based
on some experimental points is shown ir Fig.2. For the equivalent deflection an
effective field edge can be assumed at

supposing z = 0 is in the uniform field region. According to the calculated data,
Az =2.85cm.

Since the transverse dimension of the uniform region (~7cm) is much larger
than the deviation distance of the actual trajectory from the main axis, Aznqz,
as shown in Fig.3,

Az

sin ?

AZpper = R, — (R., - ) = Az tang ~0.5cm (2)

the beam deflection is the same as that in the ideal uniform field with the hard
effective edge. If both side of magnet is symmetry, it can be deduced from
AABO’ ~ AACO that the actual curved radius is determined by the following
equation:

R=R¢+Az-cot§ (3)
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Figure 1: The energy measurement line

In our case, R, = 4.25m, ¢ = 40°, so R =4.328m. It is said that the beam
energy should be calculated by:

W =+/W2+9x10R2B? - W, (4)

instead of

W =+/W2+9x10*R2B? - W, (5)

As an estimation, if the beam energy is 401.5 MeV, according to Eq.(5) to cal-
culate, the beam energy would be : W —=389.3 MeV. That means the error is
~ 3.04%. Thus the correction of the spraying field is not negligible. The field
given in Fig.2 is based on the theoretical calculation fitted to some experimental
values. If more accurate result is required, the further experimental measure-
ment may be required.

The other important factor effecting on the energy calibration is the beam
centering with the axis. The effect of this deviation can be estimated by the
following equation:

AP . Az, _ 1

L . ! omp s
Palals a7 [Az,(cos o — R sin @) + Az, (Rsin¢ + Lcos ¢)] (6)

where M13=4.9 m is the momentum dispersion of this magnet, Az, is the beam
position deviation at the entrance, Az/ is the beam angular deviation. Compar-
ing the two items in Eq.(6), the effect of angular deviation is more important.
The effect of 1 mm of position deviation is: Ap/p ~ 2.8 x 1075, The effect of
1 x 10~2 of angular deviation is: Ap/p ~ 1.5 x 10~3. Suppose the requisite
energy calibration error AW/W ~ 1%, i.e., Ap/p ~ 5.9 x 1073, the requisite
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Figure 2: The magnetic field and effective edge




- i- i Azmuz

actual trajectory
orig}nal design l

\ trajectory

Figure 3: The effect of spraying field on trajectory.

Az! < 4x1073. It is not too difficult to get this accuracy by two beam position
monitors. Anyway, in future beam centering must be ensured before an accurate
measurement is done.

By the way the effective curved radius and effective edge should also be used
in the calculation of beam transport.

2 The Resolution of the Energy Spectrometer

As known, for 2 normal design when disregarding the beam utilization efficiency,
we only need to consider the X-direction motion. We have

23 = My12;, + M2z + MiaAps/ps Q)

where 23 is the measured half beam width at the measnrement point W. Usually
M2 = 0is designed, i.e., the beam is focused at the measuring wire. In this case
My, is called the magnification. The M3 is called the momentum dispersion :
dz
Miz=D=— 8
13=D 3A (8)
where A = Apy/ps. M1sApy/ps represents the horizontal distance of two parti-
cles of different momenta (Apy = A x p;) with same 2, and 2]. At image point



we have:
Mz = R{1 —cos¢ + é sing} (9)

The momentum resolution of the spectrometer is defined by:

Ap*  Myz
r* M3

R, = (10)

The condition of accurate measurement of the momentum divergence is:

R, < Aps/po (11)

This is the reason that an object slit is commonly used. According to the design
result which is based on the theoretical emittance parameters, the half width,
M1z, is ~4mm. In our case, R = 4.33m, ¢ = 40°, [=6.1m, i.e., M13—=4.9m.
That is said, R, ~ 0.081%. Generally, the momentum divergence of linac of
energy of 400 MeV is : Apy/py ~ 0.15%.

From the above discussion, it can be concluded that under the focusing
condition, what we measure is:

22 = Mz + MiaApy/ps (12)

The beam image width (M112;) may be of the same order as the energy di-
vergence distance (M13Aps/ps), ie. in order to get accurate result of Apy/ps,
a limitation object slit is needed, or the beam image width must be ‘more ac-
curately calculated as follows: (1) measure the emittance parameters at the
position A; (2) calculate the requisite quadrupole current I; and I, for the fo-
cusing condition; (3) tune the quadrupole current to get a minimum beam width
at the measuring wire W ; (4) measure the emittance at the position C at this
condition; (5) calculate the beam width, My z, under the above parameters.
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